The System for Observing Play and Leisure Activities (SOPLAY) is a direct observation instrument designed to assess group physical activity and environmental contexts. The purpose of this study was to test the convergent validity of the SOPLAY using temporally matched data from an accelerometry-based activity monitor. Methods: Accelerometry-based physical activity data were obtained from 160 elementary school children from 9 after-school activity programs. SOPLAY coding was used to directly observe physical activity during these sessions. Analyses evaluated agreement between the monitored and observed physical activity behavior by comparing the percent of youth engaging in physical activity with the 2 assessments. Results: Agreement varied widely depending on the way the SOPLAY codes were interpreted. Estimates from SOPLAY were significantly higher than accelerometer PA levels when codes of walking and vigorous were used (in combination) to reflect participation in moderate to vigorous PA (MVPA). Estimates were similar when only SOPLAY codes of vigorous were used to define MVPA (Difference = 1.33 ± 22.06%). Conclusions: SOPLAY codes of walking corresponded well with estimates of Light intensity PA. Observations provide valid indicators of MVPA if coding is based on the percentage of youth classified as "vigorous."
The increased prevalence of overweight and obesity in youth 1, 2 has sparked interest in understanding and promoting physical activity behavior in children. [3] [4] [5] [6] [7] Accurate assessments of physical activity are critical for advancing research in this area. 8, 9 A variety of tools are available for assessing physical activity and there are advantages and disadvantages of each method. 10, 11 Self-report tools are widely used but are limited by children's ability to accurately report details of their activity behaviors. [12] [13] [14] [15] [16] Objective measures of physical activity (eg, heart rate monitors, motion sensors, pedometers, and accelerometers) offer advantages over subjective methods but are more expensive and place a burden on participants and researchers. 8, 9, 17 While these methods are also widely used, 8, 17, 18 challenges in processing and interpreting this type of data limit the utility of these approaches. 8, 19 A method that avoids limitations of both self-report measures and objective activity monitors is the direct observation technique. This method is often viewed as the most effective (gold standard) technique for youth related research because behavior is directly observed. 20 The most commonly used direct observation tool is called SOFIT (System for Observing Fitness Instructor Time) and this tool has been validated using a variety of methods. 21, 22 The SOFIT tool relies on momentary sampling techniques to objectively code youth activity behavior under free living conditions. While the SOFIT tool has been widely used, a limitation is that it can only be used to evaluate activity behaviors of individual children. To address this limitation, an alternative tool called System for Observing Play and Leisure Activities (SOPLAY) was developed. This instrument was specifically designed to observe the physical activity of groups and the environmental contexts in which they are participating. 20 An observer scans a particular setting over a specific time interval and codes the number of youth at different levels of activity using a simple 3-point classification system (sedentary, walking, or vigorous). 23 Unique, predefined codes are also used to simultaneously assess the context of the activity area, including whether it is accessible and usable, and whether supervision, equipment, and organized activities are provided. 24 Surprisingly, limited research has been conducted on the reliability and validity of the SOPLAY tool. McKenzie and colleagues evaluated the interobserver reliability of SOPLAY and reported nonsignificant differences between observers-except for counts of boys engaged in vigorous activities. 24 Interobserver intraclass correlations coefficients were 0.98, 0.95, and 0.76 for group estimates of sedentary, walking and vigorous behavior. Validity was assessed in the same study by comparing SOPLAY results with data from a self-report physical activity survey. 24 Correlations between observed and reported participation in MVPA were acceptable for before school (r = .71) and lunch time (r = .73) codes, but low during the after-school period (r = .35). To date, no field-based studies have been done to test validity of SOPLAY using objective criteria. Accelerometry-based activity monitors provide an effective way to do this work since they can be temporally matched to the specific time periods being observed.
The purpose of this study was to test the convergent validity of the SOPLAY with corresponding data from an accelerometry-based activity monitor in a sample of 9-to 12-year-old children during an after-school physical activity program. The study specifically evaluated 2 research questions related to the validity of SOPLAY: 1) Do SOPLAY data accurately characterize the activity levels of groups of children participating in structured physical activity? 2) Does the sampling rate for SOPLAY observations affect the validity of group-level physical activity estimates obtained from the SOPLAY?
Design of the Study
This study was conducted as part of larger project designed to improve the quality of existing after-school programming for promotion of physical activity. Nine schools were involved in the project and each received the same CATCH (Coordinated Approach to Child Health) training program to provide more structured opportunities for activity during the program. The SOPLAY direct observation tool was used to evaluate the activity levels of the 9 sites on 2 different occasions during the school year (Fall and Spring). Activity levels of individual participants in the after-school program were also objectively assessed using an accelerometry-based activity monitor (Biotrainer Pro) during all sessions.
Participants
The study population included 160 children (79 males and 81 females) aged 9 to 12 years old (fourth to sixth grade) from 9 different elementary schools in 2 large suburban school districts. Parents were informed about the purpose of the study and signed an informed consent document to allow their child to participate. Study protocols and consent documents were approved by the coordinating Institutional Review Board.
Physical Activity Measures
SOPLAY. The System for Observing Play and Leisure Activity (SOPLAY) is designed to assess group levels of physical activity in different settings. The SOPLAY uses 3 categories to code physical activity (sedentary, walking, and vigorous) and separate records are created for boys and girls to facilitate group comparisons. The total percentage of youth coded into the walking and vigorous activity categories is typically used to reflect participation in moderate-to-vigorous physical activity (MVPA) for the observed group.
Biotrainer Pro. The Biotrainer Pro Activity monitor (Biotrainer, IM systems, Baltimore, MD), is a bidirectional accelerometer (positioned at 45° to vertical in sagital plane) that is similar in function and utility as other accelerometry-based activity monitors. 8, 25 The Biotrainer instrument has been shown to provide reliable and valid indicators of energy expenditure in adults 26 and it has also been previously calibrated for use with children using direct observation techniques. 27 Analysis using Receiver Operating Curves (ROC) demonstrated that a value of 3 counts per minute provides the optimal cutpoint to differentiate between light activity and MVPA. This value was shown to have good sensitivity (Se = .78) and good specificity (Sp = .78) for detecting MVPA when tested on an independent (cross validation) sample. 27 To take into account the intermittent nature of children's activity the Biotrainer was initialized to record physical activity data every 15 seconds.
Study Procedures
Training of Observers. Three observers were trained to use the SOPLAY methodology by our staff during the 4 weeks that preceded the beginning of the study. The staff member responsible for the training was previously trained and certified by the original developers of SOPLAY. The observers were trained using the training DVD provided by the original test developer and also using live physical activity sessions. Reliability was assessed using a videotaped physical activity session from a group of 12 children aged 8 to 12 years old. The videotaped session was 16 minutes long and showed similarly aged children performing a variety of structured and unstructured physical activities. SOPLAY scans were performed every 2 minutes during the observation period. Test-retest reliability (3 days apart) ranged from 0.70 to 0.86. Validity was assessed by evaluating agreement in coding the final assessment included in the training DVD (criterion measured provided by the original developer). This final assessment included 28 scans but 15 scans with varying difficulty and varying participants (3 to 12 individuals per scan) were used for the comparisons. Pearson correlations ranged from 0.80 to 0.92.
Based on observer's validity scores after training, 1 of the 3 observers was selected as the criterion observer and collected the SOPLAY data for all sessions. Pre and posttest reliability (6 weeks apart) was tested for this observer using the same videotape to test for observer drift in coding. Reliability of SOPLAY was also assessed during both Fall and Spring by having multiple observers code the same activity sessions.
Data Collection
Data were collected from 9 after-school programs on 2 occasions (Fall of 2008 and Spring of 2009). The focus of the project was to evaluate active opportunities during the after-school program but 3 additional observation assessments were conducted to observe less-active settings at several schools. Thus, data were obtained during 21 distinct scanning periods. Data collection during the Fall and Spring terms were each conducted within a 5-week period.
A unique challenge in the study was to conduct SOPLAY observations only on the youth that were also wearing temporally matched activity monitors. To accomplish this, each participant was given a colored jersey and an accelerometer with a corresponding colored and numbered label. Boys were given green, purple, or blue jerseys and girls were given yellow, red and orange jerseys to facilitate separate coding and tracking by sex. This detailed methodology allowed data from the accelerometer to be directly related to observed activity.
In the Fall, observers conducted scans at varying intervals (2, 3, or 5 minutes) but this was standardized in the Spring with scans being conducted every 2 minutes. Observer's clocks were synchronized and scans were done from the left to the right with observers scanning girls first and boys second. In schools where reliability was tested, observers stood approximately 2 meters apart to make sure no information was shared between them during the entire session. The staff at the school were asked to maintain the usual structure and activities used in the after-school program. The activity sessions were conducted in the school gymnasium.
Data Processing and Analysis
The analyses examined the agreement between the observed activity levels from the SOPLAY codes and the recorded activity from the Biotrainer activity monitor. The data were analyzed in 2 ways to examine measurement agreement at different levels. In the first set of analyses, data were aggregated by time to allow the validity of individual SOPLAY codes to be examined. In the second set of analyses, data were aggregated by school to examine the validity of the overall SOPLAY assessment for capturing activity levels in a group setting. Agreement between observed and recorded physical activity data were analyzed separately for males, females, and also combined. Analyses were conducted using the Statistical Package for Social Sciences (SPSS) and SAS v9.1. Level of significance was established at 0.01 to minimize the probability of type I error.
Evaluating Validity of Individual SOPLAY Codes.
The first analysis compared the observed versus recorded levels of physical activity on a minute by minute basis. Physical activity data from individual SOPLAY scans were related to recorded Biotrainer data for the corresponding minute. This analysis was conducted using all available scans from the Fall and Spring data collection periods. Guidelines are not available to interpret SOPLAY data so several different comparisons were made to determine the most appropriate way to express this data. Three specific comparisons were used reflecting different ways of expressing outcome data from the SOPLAY and the Biotrainer. The first method (MVPA1) compared estimates of MVPA from the SOPLAY (operationalized as the percentage of youth in the "walking" and "vigorous" categories) with estimates of MVPA from the Biotrainer (percentage in MVPA). The second measure (MVPA2) compared estimates of vigorous activity from the SOPLAY (operationalized as the percentage of youth in the "vigorous" category) with the same measure from the Biotrainer (percent in MVPA). The third measure (MVPA3) compared the estimate of MVPA from the SOPLAY (operationalized as the percentage of youth in the "walking" and "vigorous" categories) with estimates of Light Activity and MVPA from the Biotrainer (percent in light activity and MVPA).
The 3 comparisons reflect different ways of combining and interpreting the data from the 2 instruments. The comparisons between MVPA1 and MVPA2 use the same outcome measure of MVPA from the Biotrainer so differences between these 2 indicators revealed which interpretation of data from the SOPLAY best corresponds with an established, objective estimate of MVPA. The comparison between MVPA1 and MVPA3 use the same outcome measure from the SOPLAY (walking + vigorous) but use 2 different ways of expressing data from the Biotrainer. Comparisons of these 2 coding approaches determine whether walking (as defined by the SOPLAY) should be viewed as "moderate" or "light" intensity. Walking is used in public health recommendations as an example of moderate activity but the SOPLAY instrument only captures snapshots of activity. Therefore, periods of walking may not correspond with moderate activity as assessed by the Biotrainer monitor.
To provide appropriate comparisons between the SOPLAY and Biotrainer data it was necessary to categorize activity assessed from the Biotrainer in a similar way. A previous study established the cutpoint of 3 counts per minute to represent an appropriate criteria or threshold to define MVPA. 27 The threshold for light activity was set at the level of 1 count based on an examination of the data from the original validation study. Thus, the individual minute by minute Biotrainer data were coded into 3 categories that correspond (conceptually) to the 3 designations coded on the SOPLAY: Sedentary (counts < 1), Light (counts between 1 and 3), and MVPA (≥ 3 counts/minute).
Analyses used the total number of matched minutes of Biotrainer and SOPLAY data across all sites to maximize the available sample. Standard measurement agreement analyses were conducted to examine the agreement between the observed and recorded data. The percent of youth categorized as active were used as the primary outcome of interest. Differences in observed and recorded activity rates for males, females and combined data were compared using standard t tests. Correlation analyses (Pearson Product Moment) were computed to reflect overall associations. Analyses were conducted separately for males and females as well as combined since the SOPLAY is designed to record activity in this manner.
Evaluating Influence of Sampling Rate on SOPLAY
Validity. The second analysis examined the validity of the SOPLAY tool for assessing group levels of physical activity during a typical after-school setting. For these analyses, the data from the serial SOPLAY scans were aggregated to reflect average activity levels for the school. The Biotrainer data were aggregated in the same way to provide a comparable value. The key goal in these analyses was to determine how frequent the scans have to be to accurately capture group activity levels.
The influence of sampling rate on SOPLAY estimates was analyzed by evaluating site-level agreement in reported activity levels when observation data are aggregated at different intervals (2, 4, 6, 8, 10 , 12, and 20 minutes). For example, the 4 minute average was computed using data from every other 2 minute scan and the 6 minute average was computed using data from every
This merged data set made it possible to directly compare the estimates from the various set of SOPLAYderived estimates with the objective data from the Biotrainer. The Biotrainer data were obtained every minute so group estimates from the SOPLAY (computed as % of youth in MVPA) were compared with corresponding group estimates from the minute-by-minute Biotrainer data. These analyses were restricted to the data obtained from 7 sites during activity periods in the Spring because these were all collected at 2-minute intervals. The operational definitions for the MVPA3 comparison described above were used to evaluate activity levels since this classification provided the best level of agreement with the criterion used. The average absolute difference score in combined group activity estimates (% youth in MVPA) were computed for each scan rate to determine the impact of scan rate on validity.
Results

Descriptive Statistics
Descriptive statistics for study participants are included in Table 1 . There were no significant differences (P > 0.05) between males and females for age (mean value = 10.42 ± 0.8 years), height (mean value = 143.5 ± 9.9 cm), weight (mean value = 38.3 ± 10.3 kg) and BMI (mean value = 19.4 ± 4.5). Nearly all children (n = 155) were included during the Fall data collection but data were available from only 73 participants during the Spring due to absences from programming. The lower attendance in the Spring is not a limitation for the current study since the focus was on evaluating the overall group estimates of physical activity during the after-school program.
Data were obtained from 21 sessions (18 activity sessions and 3 nonactivity sessions). Preliminary examination of the data revealed some inconsistencies in the way the data were recorded or coded at 2 schools (problems with timing issues and incomplete activity codes). These data were excluded from the analyses so the final sample included data from 19 sessions. The observed sessions varied in length from 12 to 45 minutes (mean = 29.72 ± 6.59 minutes). Combined across sites, there were a total of 624 scans during active sessions (208 scans each for males, females, and combined) and 147 scans during nonactive sessions (49 each for males, females, and combined). Details from the individual observations sessions are provided in Table 2 .
Replicate measures from SOPLAY were available for a total of 87 scans collected from 7 different schools to evaluate interobserver reliability. Differences between observers was not significant (P = 0.195) and the intraclass coefficient for the averaged measures was 0.874 (P < 0.01). Intraindividual reliability was also assessed during the course of the Spring data collection by evaluating agreement for coding of the test tape before and after the observations. The intraclass reliability coefficient (ICC = 0.74) indicates acceptable reliability for observing activity behavior.
Analysis 1: Evaluating Validity of Individual SOPLAY Codes
Descriptive statistics for the observed levels of MVPA and the recorded Biotrainer data are provided in Table  3 . Physical activity levels assessed by the Biotrainer and averaged across the total number of scans performed tended to be higher for boys than girls (P < 0.01). This indicates that, on average, more boys were active than girls even when exposed to the same environment. The data from the Biotrainer were compared against the MVPA indicators to determine the validity of the observed SOPLAY scans. There were large and significant differences activity outcomes for comparisons with the MVPA1 indicator and relationships were consistent when examined together as well as separately by gender (difference combined = 50.55 ± 26.41%, t = 27.6, P < 0.001; males = 47.62 ± 32.29%, t = 21.32, P < 0.001; females = 54.38 ± 33.23%, t = 23.60; P < 0.001). Small, nonsignificant difference scores were b Absolute percentage of active boys and girls.
** Significant at P < .001.
Abbreviations: SD, standard deviation; MVPA1 = "walk" + "vigorous" (SOPLAY) vs mvpa (Biotrainer); MVPA2 = "vigorous" (SOPLAY) vs mvpa (Biotrainer); MVPA3 = "walk" + "vigorous" (SOPLAY) vs light + mvpa (Biotrainer).
found for the alternative MVPA2 comparison in the 3 groups (difference combined = 1.33 ± 22.06%, t = 0.87, P = 0.385; males = 1.77 ± 29.92%, t = 0.85, P = 0.394; females = 4.54 ± 29.49%, t = 2.22; P = 0.027). Small differences were also observed for the MVPA3 comparison (difference combined = -1.99 ± 29.00%, t = -0.99, P = 0.324; males = -4.98 ± 35.83%, t = -2.01, P = 0.046; females = 1.2 ± 37.73%, t = 0.46, P = 0.647).
Correlations between the observed and recorded levels of activity are provided in Table 4 . Overall, correlations were consistently positive and moderate in magnitude. Associations were strongest for MVPA3 (r combined = 0.58, r males = 0.50, and r females = 0.47) and lower for MVPA1 (r combined = 0.40, r males = 0.37, and r females = 0.24). Pearson Correlations for MVPA2 were similar to MVPA3 (r combined = 0.56, r males = 0.43, and r females = 0.39). Correlations tended to be higher in the combined analysis (possibly because of the larger sample and more stable results). Comparisons between genders revealed a tendency for correlations to be slightly higher in boys when compared with girls.
A scatter plot showing the association between instruments for classification of activity is provided in Figure 1 for the combined sample (both boys and girls). Individual data points were more linearly distributed using the MVPA2 and MVPA3 indicators. The line using the MVPA1 indicator was above the diagonal line of equality reflecting overall SOPLAY overestimation of active individuals with this method. The graphs also show that the MVPA2 and MVPA3 outcomes reflect 2 distinct segments of the SOPLAY coding. The MVPA2 plots reflect lower activity levels since this coding only identified individuals in moderate-to-vigorous activity. In contrast, the MVPA3 plot show higher activity levels for both instruments since the categorization includes light and moderate activity. Supplemental analyses were conducted to evaluate the agreement in coding less active time periods. A total of 147 scans were conducted during inactive time periods (snack). There were small, nonsignificant differences between estimates from the 2 instruments when classifying active individuals with MVPA2 (difference combined = -1.29 ± 9.78%; difference males = -0.24 ± 10.81%; and difference females = -2.38 ± 13.18%, t test values ranged from -1.27 to -0.15 with P-value > 0.01). Mean differences for MVPA1 were all significant (P < 0.001) with t test values ranging from 6.10 to 7.94 (difference combined = 27.62 ± 24.35%; difference males = 30.4 ± 28.87%; and difference females = 25.14 ± 28.84%).
Analysis 2: Sampling Rate Influence on SOPLAY Validity
The goal in the second analyses was to determine the impact of scanning rate on the validity of the group level SOPLAY estimates. These analyses were performed using MVPA3 for combined data since it was shown in analysis 1 to provide the better absolute agreement with the criterion selected. These analyses were restricted to data collected using 2-minute scan rates to allow observation data to be aggregated at different (2-minute) intervals of time. A total of 252 scans from 7 different sites were used for these analyses. Results indicated that the mean absolute disagreement for schools when identifying active individuals was higher when data were aggregated using 20-minute scans (21.76 ± 13.80%; equal to a total of 1 scan per session). There was little difference in agreement for 2, 4, and 6 minute scans but there is progressive increase in error as the frequency of scans used to estimate the group was reduced. Accurate estimation of group activity appears to require at least 2 (preferably 3 scans) over a 30-minute period (Figure 2 ).
Discussion
This study evaluated the validity of the SOPLAY instrument compared with objectively measured physical activity data from an accelerometry-based activity monitor. The results support the validity of the SOPLAY instrument but demonstrate that care must be used to correctly interpret the observed levels of physical activity.
The results indicated that the traditional interpretation of SOPLAY data may lead to overestimation of the actual percentage of youth that are active (as measured by the accelerometer). The likely reason for this is that youth observed to be walking (level 2 on the SOPLAY) are probably not active enough to be counted as achieving minutes of MVPA. While walking is often used to characterize moderate intensity activity, the intensity and duration must be sufficiently high to warrant being counted as "activity." Brief and intermittent stepping may be coded as "walking" on the SOPLAY even though it may not constitute the sustained form of walking generally used to represent MVPA. Previous research has indicated that walking can be characterized as both light-to-moderate or moderate-to-vigorous activity 28 and the results here suggest it typically reflects light activity in youth.
Comparisons with alternative interpretation of the SOPLAY data show good agreement with the objectively monitored physical activity. There was good agreement for the MVPA2 comparison that used the percent classified as "vigorous" as the overall indicator of MVPA. Correlations were moderate (r = .56) and there were nonsignificant differences in the percentage of youth classified as being active. These findings support the validity of the SOPLAY instrument with this coding strategy. If more liberal definitions of activity are desired, then the sum of "walking" and "vigorous" may be an appropriate indicator of "total activity" (Light + Moderate + Vigorous). We found moderate correlations (r = .58) and nonsignificant differences in percentage of youth classified as active using this alternative MVPA3 comparisons. Based on this coding, youth reported in the "walking" category can be viewed as participating in light activity. The reported correlations between SOPLAY and the Biotrainer are both considerably higher than previously reported between the SOPLAY and a self-report instrument (r = .35). The objective nature of the accelerometer data provided a useful comparison for the current study but still cannot be considered a perfect criterion measure. Accelerometers provide measures of lower body limb acceleration only and therefore cannot accurately assess complex movements and activities. 8 The sporadic activity patterns of children can also be difficult to accurately assess with accelerometry-based devices. 8 We minimized potential for this type of error by matching the SOPLAY data with the corresponding 15-second epoch data from the Biotrainer. Another challenge is that the choice of cutpoint has a big impact on the resulting estimates of MVPA. An advantage of the current study is that we employed an accelerometer cutpoint that was developed on a similar population using direct observation as a criterion measure. 27 The use of direct observation data in the current study allowed the cutpoint to be more appropriate for the random, intermittent activity that children participate in. While accelerometers have inherent limitations we contend it provides a useful (and valid) indicator of children's activity behavior in the current study.
An additional goal of the study was to determine the impact that scanning intervals have on the validity of the SOPLAY. The results demonstrate that there is a substantial absolute error (21.76%) when there is only 1 scan per session (20-minute scan). The data from the 2-minute scans were expected to have the least error (compared with the Biotrainer data) but error rates for the 6-minute scans were not much higher (7.43% vs. 7.23% respectively). The error for 4 minute scans were slightly higher but this may be due to random error. Interestingly, the plot evaluating agreement for all sampling rates reveals a somewhat exponential pattern of error. Based on the exponential pattern, this finding might suggest that error is substantially increased when less than 3 SOPLAY scans are used to observe activity. Nevertheless, it is not possible to determine the optimal scan rate based on this study but the methodology offers promise for looking at this in the future.
Collectively, these data supports the validity of the SOPLAY for coding group physical activity behavior. Based on the current study, we suggest that the percentage of youth coded in the "walking" category be used to reflect participation in Light physical activity (1-3 METS). The percentage of youth coded in the "vigorous" category can be viewed as participating in MVPA. The results also suggest improved validity when more frequent scans are used. Definitive determinations are not possible but we suggest that a 30-minute session requires at least 3 scans (10-minute rate) to provide accurate estimates of the proportion of individuals enrolled in MVPA behaviors. Strengths of the study include the use of temporally matched data from the Biotrainer and the processing that allowed directly comparable outcome measures. Detailed training and reliability testing were also used to ensure the collection of reliable observation data. Interobserver reliability in this study (ICC = 0.87) was lower than reported in the study by McKenzie et al 24 but still acceptable. The previous study used the number of subjects enrolled in each behavior category in contrast to this study where we used the absolute percentage of active children. This may explain the lower reliability values. The unique aspect of the current study is the direct linkage between the monitored and observed behavior. Future research using this methodology could help to further understand how to interpret SOPLAY data for group estimates of physical activity behavior.
